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Abstract  
The technical defect of the OPC (OLE for Process Control) DA (Data Access) server which is based upon the 
technology of COM (Component Object Model) has appeared prominently while transmitting the message in the 
internet. So it’s important to bring forward the technical advantage and necessity of OPC XML-DA server based on 
the web service technology. The transmission of the plant message across the internet have been facilitated, in the 
meanwhile, the data fusion between MIS (Management Information System) and FCS (Field Control System) have 
been promoted. This paper presents the scheme of the middleware server which is realized by mean of “gSoap” 
development kit. The interface of the DA server based on the COM could be connected with web service interface 
based on the XML (Extensive Makeup Language) / SOAP (Simple Object Access Protocol). The experiment justifies 
high efficiency and feasibility of OPC XML-DA server in the internet communications. 
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1.  Introduction 
 The server corresponding to the OPC specification released by the OPC foundation in the past has 
been realized by using COM/DCOM. Now the software products which runs on windows platform are 
almost based upon this technology. Since COM has language independence, reusability, and process 
transparency, it’s very convenient for the vendor to realize the OPC server. So many vendors can realize 
plug & play connectivity and system integration easily through this technology. At present, the OPC 
technology has already been widely used in industry, and the performance of the usage in the LAN (Local 
Area Network) is very well. 
 Owing to some features of COM [1], the OPC server based on this technology has been limited in 
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some aspect when it’s in use, as follow: 
1) The limitations of cross-platform: Although COM is platform-independent, the software based 
upon this technology would have a powerful sense of dependence on Microsoft's platform. This would 
cause the OPC server can not run on non-Microsoft platforms [2].  
2) The dilemma of the use on the Internet: As the traditional OPC Server connects with the remote 
client by DCOM, the firewall deployed on the internet could filter some useful information. The OPC 
server couldn’t communicate well with the remote client on the internet, and would be limited to apply in 
the wide area net. 
 The solution is to establish a RPC (Remote Procedure Call) standard which has good cross-platform 
and could be widely used on the internet. Most of the applications based on the web service could be able 
to transmit the data smoothly on the internet. What’s more, this technology has been used not only in the 
field of electronic commerce, but also in automatic control system nowadays. So the OPC Foundation 
released the OPC XML-DA specification based on the web service to deal with the problem of the data 
transmission caused by those defects.  
 The OPC XML-DA specification has combined with XML as the standard way to represent and 
exchange the hierarchical structure data [3], and used SOAP as a standard agreement to packet the 
response or request message which has been generated in the application. Meanwhile the whole server 
describes and locates the related web service by using the WSDL (Web Service Description Language). 
 WSDL is an XML format for describing network services as a set of endpoints operating on 
messages containing either document-oriented or procedure-oriented information, it can be used to define 
the corresponding interface, describe the service, related call method, required information and message 
transfer format. The operations and messages are described abstractly, and then bound to a concrete 
network protocol and message format to define an endpoint. Related concrete endpoints are combined 
into abstract endpoints (services). By means of the WSDL, the request and the response message the web 
service generated could be transferred between the server and the client in accordance with the data type 
and the related service call method which has been defined previously by HTTP (Hyper Text Transport 
Protocol) in the Internet.  
 In this paper, the XML and SOAP will be introduced briefly at first, and then according to the service 
function and data type which are present in this specification and need to be realized, the server schema 
and the corresponding details of the development would be explained concretely. 
2. XML & SOAP Protocol 
 XML are able to provide a simple way to describe and exchange the structure-information for the 
interoperable applications. So this technology could be regard as the bridge of the message switching 
between the control systems and the information systems. The data which are described in the manner of 
XML in the control system could be parsed by the standard XML parser in the management information 
system. So we needn’t to develop the different parsers for each message description of the control system, 
and this makes the unification and standardization of data transmission come true. Nowadays, this 
technology has been widely used to exchange the data in the B2B or Intra-Business.  
 SOAP which takes advantage of XML and HTTP protocol to support distributed application program 
transmit messages by remote invocation is the data transmission protocol based on XML. Since the 
request or the message is sent over HTTP, any SOAP message could be allowed to traverse the firewall 
successfully, and the information can be exchanged across the different platforms. The applications which 
are written by different programming languages and run on the different system platforms could 
communicate with each other successfully [4].
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3. Development of OPC XML-DA Server 
3.1 The overall structure 
 The OPC XML-DA server’s schema could be design as shown in Fig. 1. This figure consists of four 
parts [5].  
 
Fig. 1 The system structure of OPC XML-DA server 
 The remote monitoring module is used for network communication and message serialization. This 
module would be keeping in the blocked state while monitoring the network’s request, and waits for the 
connection requests from the client. When receiving the request message, it will create a new thread to 
deal with the connection request at once, and the main thread will return immediately to monitor the next 
connection request. This new thread would call the HTTP message module to parse the HTTP POST 
request, check out the SOAP message body and leave it to the message processing module. Then this 
thread would use the SOAP schema as an envelope mechanism for passing result messages which is 
returned by the message processing module to the client by HTTP. 
 The message processing module is used for parsing the message sent by the client according to SOAP, 
creates a Request object which has defined in the OPC XML-DA schema and passes it to the service 
delivery module. Then this module would wait for the Response object returned from the service delivery 
module and uses the XML format as an envelope mechanism for passing the message packet to the 
remote monitoring module. 
 The service delivery module includes eight specific services defined in the OPC XML-DA 
specification. These services are GetStatus, Read, Write, Subscribe, SubscriptionpolledRefresh, 
SubscriptionCancel, Browse, GetProperties, each one owns the Request and Response parameter. This 
module will call the related service according to the Request object passed by the message processing 
module. The service would call the related function in the OPC DA interface module, and then the 
Response object would be created to return to the message processing module. 
 The OPC DA interface module has contained the functions of the server’s address space, data 
management and internal services. This module is similar to the OPC DA server. Device driver software 
which is up to the OPC DA specification standard could communicate with this module to exchange the 
equipment data.  
3.2 Design Fundamental 
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 1) AnyType: In order to output the value of the different data types which used in the OPC XML-DA 
server in the same parameter holder, the specification based on the XML Schema defines the anyType. 
This type is polymorphic, similar to the variant. In order to facilitate the value output, all the data types 
that the server supports are defined to be the child class of the anyType class, which could make sure that 
the value could be packaged in the anyType. 
2) Hierarchical Parameters: The OPC XML-DA schemas are based on a hierarchical nature of some 
of the information. Message may be specified at the Request, List, or Item level. Information specified at 
lower level overrides information at a higher level. Omitted lower level attributes always imply that the 
higher level attributes are to be used. The client may selectively override information. Not all requests 
support all hierarchical levels. 
3) Subscription Architecture: Since the development of the OPC XML-DA server makes use of the 
way of web service, the client thus enters into a loose contract with the server, which means that there’s 
no persistent link between server and client. So there is no callback mechanism for the server to send the 
updated equipment data to the client effectively. The design of the OPC-XML-DA subscription employs a 
“polled-pull” style [6] as shown in Fig. 2. 
Fig. 2 Basic subscription mechanism 
 The client initiates the subscription and the server returns a subscription handle in response to the 
request. The server will also return any initial values (value, quality and timestamp) that are readily 
available if the ReturnValuesOnReply option is set to true. The client then enters a periodic polling cycle 
and continues to poll periodically by issuing subscription refresh requests passing in the subscription 
handle each time. The server responds immediately returning all value and/or quality changes since the 
previous poll. This process continues until the client no longer wishes to maintain the subscription at 
which point it issues a subscription cancel request to the server. 
 The key codes of the subscription are as follows: 
Subscribe(……)
{
……
CSubscribe subscribe; 
//register the subscription item to the OPC DA server 
if (subscribe.Initialize( )) 
  subscribe.Connect(); 
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//create a subscription handle returned to the client. 
 CreateGuid(&subscripitonID); 
……
//moniter the link state between the client and the server. 
if (cOpcServer->m_PingTimer == NULL) 
cOpcServer->m_PingTimer=new CTimer(SubscriptionPingRate, CleanupSubscriptions); 
return Result; 
}
 In order to better simulate the asynchronous callbacks provided with the OPC COM based interface, 
we design a more sophisticated polling approach called “Controlled Response” in this development as 
shown in Fig. 3. In this model, the server will hold off in a while as soon as it receives a 
SubscriptionPolledRefresh call. In this time the server won’t return any updated value to the client until 
Holdtime has passed, and only the changes would be reported. The server would entry into the period of 
the waiting time as soon as Holdtime has passed. In this period, if there’s no value changed, the server 
would still hold until Waittime has passed. But if the value has been changed, the server would report to 
the client at once. Using this approach the client application does not perform a delayed poll but rather 
delegates the waiting to the server. By shifting the polling delays to the server side the worst-case latency 
time to deliver a change to the client is minimized. 
Fig. 3 Advanced subscription mechanism 
 The key codes of the SubscriptionPolledRefresh are as follows: 
SubscriptionPolledRefresh(……)
{
……
//handle the main thread until Holdtime has passed 
Sleep(ns1_SubscribePolled->HoldTime); 
//count the time for service to respond 
totalWaitTime= tmNow+(holdtime/1000)+ WaitTime; 
……
//keep inquiring the changed item until Waitime expires  
do { 
cOpcServer->GetItemValue(&subscriptionInfo, SubscribePolledRespons->RItem); 
Sleep(100); 
time(&timeNow); 
}while (timeNow > totalWaitTime); 
}
3.3 Development Tool 
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 The OPC XML-DA server which is developed in C++ and COM technology is implemented by 
coding on the VC8.0 programming platform. In order to realize the development of the web service, we 
employ the gSOAP development kit which is open source software. We are able to force on the 
development of the SOAP client & server in C++ without learning the details of XML and SOAP.  
4. Conclusion
 OPC XML is based upon the OPC DA, which is the development trend of the OPC technology. The 
standard of the interface based on the XML & SOAP is the best way to realize the message switching 
among the remote and cross-platform applications. This technology helps resolve platform differences 
and fuse the data from the EMS and the field controlling system, makes up the DCOM’s deficiency. The 
Interoperability between the different platforms has been improved. Now the technology of OPC is being 
rapidly developed. The new specification, OPC UA, is also applied the web service’s technology, and it 
would have great potentialities in the future [7].  
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